3
(PhI(OAc) 2 ) was obtained from Alfa Aesar. E thyl benzoate, phenyl acetate, ethyl acrylate, pyridine, 2-picoline, 2,6-di-tert-butylpyridine, 1,3-bis(trifluoromethyl)benzene, and PhCH 2 C(CH 3 ) 3 were purchased from Aldrich. Oxygen (extra dry) was purchased from Metro Wielding. Flash silica gel was purchased from Dynamic Adsorbents. Stock solutions of pyridine were prepared using volumetric glassware and all liquid reagents were dispensed by difference using gas-tight Hamilton syringes.
Synthesis of Reference Samples of Aryl Acetate Products
Reference compounds for the acetoxylation [different isomers of acetoxy-bromobenzene, acetoxy-chlorobenzene, acetoxy-dichlorobenzene, acetoxy-(ethylbenzoate), acetoxy-(trifluoromethyl)-benzene, and acetoxy-bis(trifluoromethyl)benzene] were prepared according to literature procedures. [1] In all cases, the NMR characterization data for these compounds matched that reported in the literature.
1,3-Bis(trifluoromethyl)-5-acetoxybenzene
[2]
To a solution of 3,5-bis(trifluoromethyl)phenol (1.45 g, 6.31 mmol,
1.00 equiv) in CH 2 Cl 2 (6 mL), triethylamine (1.75 mL, 1.29 g, 12.6 mmol, 2.00 equiv), acetic anhydride (1.18 mL, 1.29 g, 12.6 mmol, 2.00 equiv), and AcOH (5 drops) were added sequentially at 0 ºC. After complete addition, the ice bath was removed and the reaction mixture was stirred at RT for 14 h.
The solution was poured into a mixture of H 2 O (50 mL) and CH 2 Cl 2 (50 mL), and stirred for 10 min. The phases were separated, and the aqueous phase was extracted twice with CH 2 Cl 2 (50 mL). The combined organic phases were dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure. Column chromatography (gradient hexanes/CH 2 Cl 2 49:1 to 4:1) afforded 1. [3]
PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv) and Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %) were weighed into a pressure resistant vial. Glacial acetic acid (0.90 mL) and acetic anhydride (0.10 mL) were added. The resulting suspension was stirred at RT for 1 min, and then benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv) was added. The vial was sealed with a Teflon-lined cap, and the reaction was heated to 100 °C using a preheated hotplate. At the end of the reaction, the vial was cooled to RT, and PhCl (20 of a stock solution of pyridine (72.5 µL, 70.9 mg, 896 µmol) in 10 mL AcOH, AcOH (0.40 mL), acetic anhydride (0.10 mL) and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv) were reacted at 100 °C. Workup and analysis were performed as described above. 
Yields are based on the oxidant PhI(OAc) 2 which has been shown to decompose upon heating.
[4] Observed byproducts include , , and biphenyl in accordance with ref. [3] . Both decomposition and formation of byproducts presumably contribute to the low yields (about 70%) upon complete conversion of the oxidant.
Acetoxylation of Benzene -Pyridine Equivalent Studies
Pd(OAc) 2 catalyzed Acetoxylation of Benzene -Addition of 0-3.6 mol % Pyridine General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), x mL (see Table 2 ; 0 to 0.90 mL, 0 to 3.6 mol %) of a stock solution of pyridine (36.2 µL, 35.4 mg, 448 µmol) in 10 mL AcOH, AcOH (0.90-x mL, see Table 2 ), acetic anhydride (0.10 mL) and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv). Workup and analysis were performed as described above.
Yields of PhOAc and exact amounts of AcOH and pyridine standard solution are listed in Table 2 .
Pd(OAc) 2 catalyzed Acetoxylation of Benzene -Addition of 3.8-4.2 mol % Pyridine
General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), x mL (see Table 3 ; 0.76 to 0.84 mL, 3.8 to 4.2 mol %) of a stock solution of pyridine (45.3 µL, 44.2 mg, 560 µmol) in 10 mL AcOH, AcOH (0.90-x mL, see Table 3 ), acetic anhydride (0.10 mL) and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv). Workup and analysis were performed as described above.
Yields of PhOAc and exact amounts of AcOH and pyridine standard solution are listed in Table 3 . Table 2 . Calibrated GC yields of phenyl acetate (PhOAc) in %. Conditions: benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv), AcOH ( 0.90-x mL), Ac 2 O ( 0.10 mL), PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), x (0-0.90) mL stock solution of pyridine (36.2 µL, 35.4 mg, 448 µmol in 10 mL AcOH; 0.2-3.6 mol %), 100 °C, 1 or 2 h. The reported error is the standard deviation of at least two replicate trials.
(0.90-x) mL AcOH µL, 9.6 mg, 121 µmol) in 10 mL AcOH, AcOH (10.7 mL), acetic anhydride (1.20 mL) and benzene (11.2 mL; total amount of benzene: 12.0 mL, 10.5 g, 134 mmol, 10.0 equiv).
The reaction was heated at 100 °C for 306 h. After this time, Pd black formation was detected, indicating complete conversion of the oxidant. The GC yield of PhOAc was 48 ± 2 %, corresponding to 4756 ± 190 turnovers.
Acetoxylation of Benzene -Addition of Second Charge of Oxidant
General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.50 mL (20.2 µmol, 1.8 mol %) of a stock solution of pyridine (32.6 µL, 31.9 mg, 403 µmol) in 10 mL AcOH, AcOH (0.40 mL), acetic anhydride (0.10 mL), and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv).
The reaction was heated at 100 ºC for 3 h. After this time, the vial was cooled with liquid nitrogen, and a second batch of PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv) was added.
The reaction was heated at 100 ºC for 3.5 h. Workup and analysis were performed as described above. The GC yield of PhOAc for the second run was 54 ± 2 %, assuming a yield of 66 ± 2 % for the first run (which had been determined previously, see Table 2 above, entry 10).
Substrate Scope of Acetoxylation using PhI(OAc) 2 as oxidant
General procedure -Pd(OAc) 2 General Procedure A was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), AcOH (0.90 mL), acetic anhydride (0.10 mL), and arene substrate (11.2 mmol, 10.0 equiv). Workup and analysis were performed as described above (for GC standards and exact amounts of aryl substrate, see Table 4 ).
To obtain comparable data, in most cases the same reaction times were chosen as for the most active catalyst system (Pd(OAc) 2 /pyr 1:0.9); alternatively, reaction endpoints were determined by observation of Pd black formation which indicates complete conversion of the oxidant (see Table 6 ).
General procedure -Pd(OAc) 2 / pyr 1:0.9 General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.40 mL (20.2 µmol, 1.8 mol %) of a stock solution of pyridine (40.8 µL, 39.9 mg, 504 µmol) in 10 mL AcOH, AcOH (0.50 mL), acetic anhydride (0.10 mL), and arene substrate (11.2 mmol, 10.0 equiv). Reaction endpoints were determined by observation of Pd black formation which indicates complete conversion of the oxidant (see Table 5 ). Workup and analysis were performed as described above (for GC standards and exact amounts of aryl substrate, see Table   4 ).
General procedure -Pd(OAc) 2 / pyr 1:2.1 General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv),
Pd (OAc) acetic anhydride (0.10 mL), and arene substrate (11.2 mmol, 10.0 equiv). Workup and analysis were performed as described above (for GC standards and exact amounts of aryl substrate, see Table 4 ). To obtain comparable data, in most cases the same reaction times were chosen as for the most active catalyst system (Pd(OAc) 2 /pyr 1:0.9);
alternatively, reaction endpoints were determined by observation of Pd black formation which indicates complete conversion of the oxidant (see Table 5 ). 
Substrate Scope of Acetoxylation using MesI(OAc) 2 as oxidant
General procedure -Pd(OAc) 2 / pyr 1:0.9 General Procedure B was followed using iodomesitylene diacetate (408 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.40 mL (20.2 µmol, 1.8 mol %) of a stock solution of pyridine (40.8 µL, 39.9 mg, 504 µmol) in 10 mL AcOH, AcOH (0.50 mL), acetic anhydride (0.10 mL), and arene substrate (11.2 mmol, 10.0 equiv). Reaction endpoints were determined by observation of Pd black formation which indicates complete conversion of the oxidant (for yields see Table 6 ). Workup and analysis were performed as described above (for GC standards and exact amounts of substrate, see Table 4 above). Table 6 . Calibrated GC yields and site selectivities of acetoxylated products in %. Yields are determined at complete conversion of the oxidant which is indicated by formation of Pd black in the reaction mixture. Conditions: Substrate (11.2 mmol, 10.0 equiv), AcOH (0.50 mL), Ac 2 O (0.10 mL), MesI(OAc) 2 (408 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.40 mL stock solution of pyridine (504 µmol in 10 mL AcOH; 1.8 mol %), 100 °C. The reported error is the standard deviation of at least two replicate trials.
Acetoxylation of 1,2-Dichlorobenzene -Influence of 2,6-Substitution of Pyridine-Type Additives on Site Selectivity
General procedure General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv) or MesI(OAc) 2 (408 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.45 mL (20.2 µmol, 1.8 mol %) of a stock solution of the additive (448 µmol) in 10 mL AcOH, AcOH (0.55 mL), acetic anhydride (0.10 mL), and 1,2-dichlorobenzene (1.26 mL, 1.65 g, 11.2 mmol, 10.0 equiv). Workup and analysis were performed as described above. Table 7 . Calibrated GC yields [a] of acetoxy-1,2-dichlorobenzene in %. Conditions: 1,2-dichlorobenzene (1.26 mL, 1.65 g, 11.2 mmol, 10.0 equiv), AcOH (0.55 mL), Ac 2 O (0.10 mL), ArI(OAc) 2 (1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.45 mL stock solution of additive (448 µmol in 10 mL AcOH; 1.8 mol %), 100 °C. The reported error is the standard deviation of at least two replicate trials. Determined at complete conversion of the oxidant which is indicated by formation of Pd black in the reaction mixture.
Acetoxylation of Benzene -Influence of 2,6-Substitution of PyridineType Additives on the Reactivity of the Catalyst System General procedure General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.45 mL (20.2 µmol, 1.8 mol %) of a stock solution of the additive (448 µmol) in 10 mL AcOH, AcOH (0.55 mL), acetic anhydride (0.10 mL), and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv). Table 8 . Calibrated GC yields of p henyl acetate (PhOAc) after 1 and 2 h in %. Conditions: benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv), AcOH (0.90 mL), Ac 2 O (0.10 mL), PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.45 mL stock solution of additive (448 µmol in 10 mL AcOH; 1.8 mol %), 100 °C. The reported error is the standard deviation of at least two replicate trials. 
Kinetic Isotope Effect Studies
In contrast to the General Procedures A and B, all vials were frozen in liquid nitrogen directly after the end of the reaction and then stored at -30 °C until the workup was performed as described in General Procedures A and B.
Pd(OAc)2
General Procedure A was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), AcOH (1.00 mL), acetic anhydride (0.10 mL), and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv) or [D 6 ]benzene (0.99 mL, 942 mg, 11.2 mmol, 10.0 equiv). General Procedure B was followed using PhI(OAc) 2 (361 mg, 1.12 mmol, 1.00 equiv), Pd(OAc) 2 (5.0 mg, 22.4 µmol, 2.0 mol %), 0.40 mL (20.2 µmol, 1.8 mol %) of a stock solution of pyridine (40.8 µL, 39.9 mg, 504 µmol) in 10 mL AcOH, AcOH (0.50 mL), acetic anhydride (0.10 mL), and benzene (1.00 mL, 875 mg, 11.2 mmol, 10.0 equiv) or [D 6 ]benzene (0.99 mL, 942 mg, 11.2 mmol, 10.0 equiv). Table 11 . Calibrated GC yields of phenyl acetate using Pd(OAc) 2 /pyr 1:0.9 as catalyst. The reported error is the standard deviation of at least two replicate trials.
Reaction 
